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^A  field  study  was  conducted  to  1 )  more  accurately  define  the  degree  of  protection  offered  by  simple  snow  fortifica¬ 
tions  and  2)  evaluate  the  effort  required  by  infantry  troops  to  build  such  fortifications  when  only  basic  tools  are 
available.  A  seven-man  infantry  squad  equipped  with  standard  issue  snow  shovels  and  an  arctic  sled  (Akhio) 
constructed  several  simple  snow  structures.  Construction  was  made  more  difficult  by  the  imposition  of  a  camouflage 
discipline  requirement.  When  completed,  three  positions  were  subjected  to  M16A1  rifle  fire  while  the  infantry  squad 
executed  a  simulated  tactical  assault.  A  fourth  and  much  larger  position  was  tested  with  simulated  covering  fire  from 
an  M2HB  50-caliber  machine  gun.  None  of  the  5.56-mm  bullets  fired  by  the  squad  from  ranges  of  200  m  to  as  close 
as  10  m  managed  to  penetrate  the  1.8-m-thick  snow  embankments.  The  12.7-mm-diamctcr  bullets  fired  from  the 
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M2HB  at  a  range  of  250  m  were  all  stopped  by  3.0  m  of  packed  snow.  The  camouflage  considerations  and  the  shallow 
snow  conditions  increased  the  construction  time  for  the  three  small  emplacements  by  almost  a  factor  of  four,  and  for 
the  larger  emplacement  by  almost  a  factor  of  three.  But  the  squad  still  handled  a  volume  of  packed  snow  that  was  equal 
to  3-7  times  the  volume  of  unfrozen  soil  that  could  be  handled  with  the  same  amount  of  effort,  according  to  field  man¬ 
ual  estimates.  Under  frozen  soil  conditions  the  advantages  of  using  snow  would  be  significantly  greater. 
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A  TEST  OF  SNOW  FORTIFICATIONS 


Dennis  R.  Farrell 


INTRODUCTION 

Recent  literature  on  modern  battlefield  tactics  pre¬ 
dicts  an  environment  of  intense  military  activity  and 
decisive  engagements.  The  time  frame  projected  for 
victory  or  defeat  is  drastically  condensed  compared 
with  that  of  historical  engagements.  This  viewpoint  is 
expressed  convincingly  in  the  Department  of  the  Army 
Field  Manual  FM  100-5,  Operations  (HQ,  DA  1976), 
which  is  the  capstone  of  the  Army’s  system  of  field 
manuals.  Three  examples  of  this  viewpoint  are; 

1.  "The  tiist  battle  ol  our  next  war  could  well  be 
its  last  battle:  belligerents  could  be  quickly  exhausted, 
and  international  pressures  to  stop  fighting  could  bring 
about  an  early  cessation  ot  hostilities.  I  he  United  Slates 
could  find  itself  in  a  short,  intense  war  -  the  outcome 

of  which  may  be  dictated  by  the  results  of  initial  com¬ 
bat.  This  circumstance  is  unprecedented:  we  are  an 
Army  historicalK  unprepared  for  its  first  battle.  We 
are  accustomed  to  victory  wrought  with  the  weight  of 
materiel  and  population  brought  to  bear  after  the  onset 
of  hostilities.  Today  the  U.S.  Army  must,  above  all  else, 
prepare  to  win  the  first  battle  of  the  next  war." 

2.  "Our  Army  must  expect  to  fight  its  battles  at  the 
end  of  a  long,  expensive,  vulnerable  line  of  communica¬ 
tions.  Forward  deployed  forces,  and  those  reinforcements 
immediately  available,  must  therefore  be  prepared  to 
accomplish  their  missions  largely  w  ith  the  resources  on 
hand.  They  must  anticipate  combat  against  forces  with 
ultramodern  weapons,  greater  numbers,  and  nearby 
supply  sources.  Winning  will  rest  predominately  with 
commanders  of  engaged  forces.  The  U.S.  Army  must 
prepare  its  units  to  fight  outnumbered,  and  to  win." 

3.  "U.S.  Army  combat  development  seeks  to  increase 
the  Army's  ability  to  fight  decisiyely  by  searching  com¬ 
bat  experience,  experiments,  tests,  and  technology  for 
ways  to  provide  better  weapon  systems,  organiaations, 
tactics  and  techniques.  Success  in  combat  developments 
is  vital  for  our  success  in  battle.” 


Ihesc  pre-dictiuns  put  incicasing  pic'ccuic  un  the 
preparedness  ol  todav 's  soldiet .  lime  nt.iv  nut  peimit 
him  to  adapt  to  unanticipated  conditions  on  the  hattle- 
lield.  An  awareness  ol  not  iust  one  solution,  hut  sevei.il 
alternative  solutions,  to  a  task  is  heconiing  nmie  im¬ 
portant.  Expedient  construction  ot  lield  forth ications 
is  a  task  requiring  such  alternative  solutions. 

History  has  shown  that  in  simte  cases  weather  in- 
lluences  tactical  decisions  more  than  the  actions  id  the 
enemy.  In  this  respect,  a  winter  environment  is  one  ot 
the  most  demanding  on  the  resources  of  a  soldier,  -X 
snow  cover  affects  his  mode  ol  travel  and  his  choice  ol 
cover.  The  cold  weather  changes  the  clothes  he  wears 
and  the  shelter  he  erects.  The  depth  of  frost  in  the  soil 
may  influence  his  decision  to  huild  defensive  positions 
above  the  ground  or  in  the  ground. 

This  report  discusses  expedient  construction  of  one 
or  two-man  fortifications  using  snow-  and  frozen  soil. 

It  outlines  the  advantages  and  limitations  of  fortification 
construction  using  these  materials  in  terms  of  the  pro¬ 
tection  they  provide  against  small  arms  fire  and  the  time 
required  to  construct  the  fortifications. 

This  report  also  describes  the  results  of: 

1.  A  field  test  (phasel)  conducted  at  Camp  Ripley, 
Minnesota,  in  which  5.56-mm  and  1  2.7-mm-diametcr 
bullets  were  fired  at  fortifications  constructed  from 
snow.  The  tests  were  conducted  in  simulated  combat 
conditions  at  ranges  up  to  250  m.  Previous  tests  were 
all  done  at  close  range. 

2.  A  field  lest  (phase  II)  conducted  at  CRREL  in 
which  5.56-mm  and  7.62-mm-diamctcr  bullets  were 
fired  from  close  range  and  at  different  angles  into  the 
smooth  surface  of  a  snow  embankment  to  determine  the 
influence  of  impact  angle  on  bullet  behavior. 

Finally,  this  report  reviews  the  results  of  previous 
laboratory  and  field  tests  on  frozen  soil  (Ailken  1979a,  b) 


and  on  snow  (johnson  1977).  This  develops  into  a  dis¬ 
cussion  on  the  relationship  between  the  terminal  stability 
ot  small  arms  proiectiles  in  Rclatin  (Roeckcr  et  al.  1977) 
and  snow  (Cole  and  1  arrell  1979).  Ihe  report  also  in¬ 
cludes  comments  on  the  design  parameters  for  the 
stabilitv  of  small-caliber  projectiles  in  air  which  result 
in  instabilitv  and  tumblinit  of  the  projectiles  in  a  dense 
material  such  as  gelatin,  snow  and  frozen  soil.  In  additi  in, 
it  relates  the  importance  of  tumbling  to  rapid  deceleration 
and  reduction  in  penetration  of  the  bullets. 

Background 

The  work  described  here  was  part  of  an  overall  in¬ 
vestigation  ol  materials  that  are  available  in  cold  regions 
tor  building  expedient  protective  structures. 

The  objectives  of  the  overall  program  were  to  de¬ 
termine; 

1 .  What  changes  subtreezing  temperatures  cause  in 
the  protective  properties  of  materials. 

2.  What  modifications  to  construction  techniques 
aie  required  to  build  conventional  protective  structures 
in  a  cold  environment. 

3.  flow  materials  such  as  ice,  snow  and  frozen  soil 
could  best  be  used  as  building  materials,  both  alone  and 
in  combination  with  other  materials. 

The  studies  reported  here  address  the  latter  objective. 

Swinzow  (1972)  reported  penetrations  of  smaif  arm.s 
projectiles  .md  steel  spheres  into  compacted  snow.  He 
observed  that  ogive-shaped  projectiles  from  small-caliber 
rifles  tumble  in  snow  and  that  the  physical  relationship 
between  penetration  of  bullets  and  material  properties 
of  the  targets  is  very  comple.x. 

In  1974,  CRREL  completed  its  Terminal  Ballistics 
f  acilitv :  this  lacilitv  was  described  by  t-arrcll  (1979). 
Aitken  (1979a,  b)  presented  data  on  blunt-shaped, 
fragment-simulating  projectiles  that  were  fired  into 
snow  and  frozen  soils.  He  also  presented  data  on  7.62- 
mm  bullet  penetrations  in  frozen  soil.  Using  some  of 
the  most  recent  analytical  techniques  for  predicting  pene¬ 
trations.  he  found  good  correlation  between  measured 
penetrations  in  both  snow  and  frozen  soil  for  the  frag¬ 
ment-simulating  projectiles.  f-le  explained  that  these 
projectiles,  which  had  flat  frontal  surfaces,  showed  no 
evidence  of  tumbling.  For  7.62-mm  (30-caliber) 
military  rounds  fired  into  frozen  soil,  he  found  that 
correlation  was  not  as  good  and  that  it  broke  down 
completely  when  the  rounds  began  to  tumble  above 
specific  impact  velocities. 

Schaefer  (1973)  gave  preliminary  data  on  the  pene¬ 
tration  of  several  U.S.  infantry  weapons  in  packed  snow. 
These  weapons  included  the  M16A1  rifle  (5.56  mm), 

M60  machine  gun  (7.62  mm),  50-calibcr  machine  gun 
(12.7  mm),  M79  grenade  launcher  (40  mm),  and  90-mm 


recoilless  rifle  which  w.is  used  to  fire  shaped  charge 
antitank  rounds.  Johnson  (1977)  expanded  on  Schaefer 
field  tests  with  the  three  small-caliber  weapons,  f  arrell 
(in  prep.)  expanded  on  Schaefer's  work  with  the  90-mm 
recoilless  rifle. 

In  general,  these  investigations  showed  that,  in  Itozen 
soils,  penetration  of  all  tvpes  of  projectiles  tested  was 
significantly  less  than  in  unfrozen  soils.  In  both  snow 
and  Irozen  soils,  penetration  increased  as  impact  velocitv 
increased  until  projectile  deformation,  instabilitv ,  or  a 
combination  of  the  two  caused  a  decrease  in  penetration 
at  the  higher  velocities. 

Foreign  technology 

A  literature  survey  on  winter  tactics  and  field  for¬ 
tifications  was  requested  from  the  U.S.  Arms  t  oreign 
Science  and  Technology  Ceriter  (FSTC).  The  literature 
obtained  through  this  survey  summarizes  Soviet  lield 
construction  capabilities  and  tactics  during  the  period 
1960-75.  In  general,  most  of  the  illustrations  of  recom¬ 
mended  field  fortif icalion  construction  techniques  appear 
overly  complex  and  labor-intensive  except  for  the  for¬ 
tifications  crrnstructed  in  deep  snow,  i.e,,  >  50  cm  deep. 
At  this  depth,  snow  is  the  primary  construction  material. 
At  snow  depths  between  20  and  50  cm,  a  combination 
of  excavated  soil  and  packed  snow  is  recommended  for 
construction  ol  parapets  if  the  ground  is  not  too  hard 
and  the  frost  penetration  is  not  too  deep.  At  snow  depths 
of  less  than  20  cm,  use  of  snow  is  recommended  only 
for  camouflage. 

The  literature  also  contains  examples  of  studies  of 
the  protection  that  snow  provides.  The  following  quo¬ 
tation  is  taken  from  an  aiticle  that  appeared  in  the 
November  1975  issue  of  the  Finnish  Army  Engineer 
Magazine  Pickaxe  (1975),  which  describes  the  results 
of  tests  carried  out  at  the  training  area  at  Sarriojarvi, 
Finland,  in  the  winter  of  1 975.  Under  the  heading  of 
"Snow"  the  article  says: 

"Snow  is  not  only  a  drawback  but  also  an  advantage. 

The  protective  value  of  a  dug-out  constructed  in  snow 
and  a  trench  one  can  advance  through  by  crawling  should 
not  be  underestimated,  although  its  greatest  advantage 
is  that  it  can  be  built  quickly.  Construction  of  a  dug- 
out  in  the  ground  takes  about  eight  times  longer  than 
to  dig  i-ito  the  snow.  In  a  minor  scale  lest  series  the 
purpose  was  to  clarify  the  capacity  of  snow  not  treated 
or  packed  and  not  mixed  with  soil  to  provide  protection 
against  rIf/e  caliber  bullets.  It  was  concluded  from  the 
results  that  the  density  of  snow  and  Ihe  penetration  ot 
bullet  followed  the  following  formula: 

P=  (3.0-3.6-y)  100 

where:  P  =  penetration  of  a  bullet  (cm) 

7  =  density  of  snow  (g/cm’ ). 


The  density  ol  sno»  ,  especially  in  early  winter,  may  be 
O.J  gm,/cm’  which  gives  a  penetration  figure  210. ..240 
cm.  On  the  other  hand  it  revealed  that  it  is  important 
to  increase  the  snow  density.  The  lest  series  are  valuable 
enough  to  be  continued." 

lohnson’s  ( 1977)  penetration  data  for  the  M60 
machine  j>un  and  the  MI6A1  rifle  arc  compared  with 
the  Kinnish  equation  in  figure  I.  The  graph  suggests 
that  the  "rifle  caliber  bullets"  were  from  7.62-mm 
weapons  similar  to  the  M60  machine  gun.  A  power 
regression  was  used  tor  curve  fitting  of  Johnson's  data 
to  obtain  the  equations  shown. 

The  Pickaxe  article  also  recommends  that  winter 
field  fortifications  be  built  in  stages  by  using  the  most 
available  materials  first  (snow  is  recommended)  to 
achieve  marginal  protection,  then  by  using  the  materials 
requiring  mote  labor  as  time  permits. 

The  best  available  information  on  Soviet  concepts  of 
fortification  construction  in  cold  regions  is  contained 
in  a  Soviet  field  manual  Engineer  Organiiation  of  a 
Rifle  Co.  in  a  Defensive  Area  (Belokon  1 960).  The 
instructions  for  building  a  one-man  frjxhole  arc  as  follows: 

“In  digging  in.  one-man  foxholes  are  made  by  throwing 
out  the  snow  to  the  required  depth.  The  parapet  of  the 
foxhole  is  made  from  packed  snow.  With  a  depth  of 
snow  of  50-60  cm.  a  foxhole  for  firing  from  the  kneeling 
position  is  dug  at  once.  A  loxhole  for  firing  from  the 
standing  position  is  dug  in  the  snow  and  partially  in 
the  ground  with  the  indicated  thickness  of  snow  cover. 

The  dirt  which  is  taken  out  in  digging  is  used  for  the 
construction  of  the  parapet  which,  upon  completion 
of  the  work,  is  camouflaged  with  clean  snow.  Such  a 
foxhole  Jshown  in  Fig.  2)  is  dug  by  a  rifleman  in  3.54 
hours.  However,  in  view  of  the  difficulty  in  working 
frozen  ground,  a  one  man  foxhole  for  firing  from  the 
standing  position  is  made  most  often  by  creating  a  higher 


parapet  from  packed  snow.  Subsequently,  lust  as  under 
summer  conditions,  a  trench  is  dug  for  a  rifle  squad  by 
connecting  the  one  man  foxholes  with  each  other  with 
a  communication  trench  which  has  been  dug  out  in  the 
snow." 

"With  availability  ot  sufficient  forces  and  time,  it  is 
always  desirable  to  begin  to  dig  the  trenches  and  com¬ 
munication  trenches  immediately  after  digging  in.  De¬ 
pending  on  the  depth  of  fhe  snow  cover,  the  trenches 
are  dug  either  completely  in  the  snow  [Fig.  3]  or  partially 
in  the  snow  and  partially  in  the  ground | F ig.  4 ) ." 

"In  deep  snow  which  permits  digging  a  trench  to  full 
depth  or  somewhat  less  (tor  movement  bent  over),  first 
we  clear  away  the  snow  to  the  planned  mark  ol  the  bot¬ 
tom  of  the  trench  pit.  Then  we  lace  the  front  and  rear 
slopes  ol  the  trench  with  layers  of  clumps  ot  snow,  ice, 
or  clumps  of  frozen  ground,  sprinkling  them  w  ith  loose 
snow  and  with  a  subsequent  leveling  out  and  packing. 

If  there  is  a  reservoir  nearbv.  it  is  recommended  that 
each  row  of  clumps  of  snow  and  sprinkled  snow  be 
sprinkled  with  water  during  the  construction  of  the  trench. 
In  loose  snow  and  in  the  absence  ol  clumps  of  frozen 
ground  or  ice,  the  slopes  of  a  snow  trench  are  made  with 
a  wooden  lining." 

"The  parapet  ol  the  trench  is  laced  to  a  height  of  30- 
40  cm.  If  the  parapet  is  made  from  moist,  lightly  packed 
snow,  its  thickness  is  brought  to  1 .5-2.0  meters.  With 
looser  snow,  the  thickness  of  the  parapet  is  increased  to 
3.5  meters." 

"The  work  in  digging  a  trench  in  din  —  two  soldiers 
are  given  one  crowbar  (or  heavy  pick  mattocki  and  two 
shovels  and  a  sector  of  trench  4-6  meters  long  is  desig¬ 
nated.  Working  in  turn  with  the  crowbar  (pick  mattock' 
and  shovel,  the  soldiers  first  loosen  up  and  throw  out 
the  frozen  ground  and  then,  bv  layer,  they  dig  out  the 
thawed  ground  with  sapper  shovels  to  the  required  depth. 

It  is  extremely  important  that  work  be  conducted  con¬ 
tinuously  on  each  section  of  the  trench  since,  when 
halting,  the  thawed  ground  which  is  beneath  the  frozen 
crust  freezes  quickly  and  hinders  the  work.  For  the 
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Figure  1.  Penetration  for  Finnish  and  CRREL  field  tests  in  snow. 
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Figure  2.  One-man  foxhole  dug  pa.  Hally  in  the  s/;o«  and  partially  in 
the  ground  ( from  Belokon  1 960). 


-250-400 cm  - 


Frozen  Ground 

Figure  3.  Mailing  a  trench  in  snow  (from  Beiokon  i960). 


sjme  reason,  it  is  expedient  to  pU<.e  the  din  whitb  has 
been  du^  out  in  the  parapet  immediaioK  .  Attor  com¬ 
pletion  of  digginji  the  trench,  the  entire  section  iscartt- 
outlawed  b\  a  las  er  of  snow." 

“The  productivitv  of  labor  of  one  soldier  in  digging 
out  a  trench  in  tro.'en  ground  manualls  »s  2-J.5  running 
meters  in  8  hours.  Consegucnllv.  about  450  man-davs 
are  required  to  dig  one  kilometer  ot  Hcn^h.  Such  an  ex¬ 
penditure  of  labor." 

Despite  this  aekiiossledgment,  the  papes  followiii); 
the  above  section  in  the  field  manual  contain  mans 
examples  of  elaboratelv  constructed  undcruround 
positions  that  were  used  durinii  World  War  II. 

PHASE  I  TEST  PROGRAM 
Purpose  and  objective 

The  purpose  of  the  test  conducted  at  Camp  Ripley 
for  this  investigation  was  to  evaluate  the  performance 
of  fortifications  constructed  from  snow  under  conditions 
approximating  those  of  a  combat  environment.  The 
evaluation  included  both  the  methods  of  construction 
and  the  performance  of  the  fortifications  against  small 
arms  fire. 


Results  of  previous  laboratory  and  field  tests  con¬ 
ducted  at  short  range  were  used  to  specifv  the  dimen¬ 
sions  of  the  fortilicalions,  since  b\  being  consistent  with 
previous  studies  any  change  in  snow  fortification  per¬ 
formance  would  be  detected. 

Test  preparations 

Before  the  lest  at  Camp  Riplev,  a  rehearsal  without 
weapons  was  conducted  to  tamiliari/e  the  squad  mem¬ 
bers  and  the  CRRL  L  cameraman  with  the  test  plan.  It 
became  apparent  that  some  margin  ot  safetv  would  be 
sacriliced  if  the  assault  was  conducted  while  the  troops 
were  running;  unseen  protrusions  or  depressions  hidden 
beneath  the  snow  could  casiK  cause  the  men  to  stumble 
and  fall  while  firing  their  weapons.  Therefore,  the  pace 
of  the  troops  was  slowed  and  they  were  restricted  to 
semi-automatic  fire.  Both  of  these  restrictions  undoubiediv 
increased  accuracy  of  the  fire  and  the  severity  of  the 
test. 

Also,  during  the  rehearsal  it  was  realized  that  camera 
coverage  would  be  difficult  if  a  flanking  maneuver  was 
used.  For  safety,  the  cameraman’s  position  would  have 
to  be  located  further  to  the  rear  and  his  field  of  view 
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r igure  -t.  Variations  in  making  a  trench  in  frozen  ground  (from  Belokon  I960). 


toulJ  not  cover  more  th.in  small  portions  of  the  action. 
Therefore,  it  was  decided  to  use  a  fronul  Jtuck. 

The  freedom  from  flanking  fire  also  permitted  a 
simpler  design  of  the  fortifications.  This  was  desirable 
because  the  study  had  lower  priorits  than  other  troop 
training  exercises  and  had  to  be  concluded  during  a  two- 
week  training  period. 

Construction  of  snow  fortifications 

The  snow  in  the  test  area  was  approximately  30  cm 
deep  with  a  slight  wind  crust  and  a  density  of  0.16-0.1 8 
g/cm^.  In  contrast,  Johnson  (1977)  conducted  his  study 
under  more  favorable  conditions  (66-cm  snow  depth  of 
0.1 8-g/cm^  density)  and  was  not  concerned  with  such 
considerations  as  camouflage  discipline  or  tactical 
location. 

For  this  study,  an  effort  was  also  made  to  inject  an 
clement  of  realism  in  the  construction  of  the  fortifications 
bv  using  the  following  controls: 

1 .  Ca.iioutiage  discipline:  no  snow  was  removed  and 
no  tracks  were  left  that  would  be  readily  visible  from  the 
fronts  of  the  positions. 

2.  Tools:  only  standard  issue  equipment  was  used. 

The  three  snow  shovels  used  were  a  light  aluminum  type, 
36  cm  wide  x  35  cm  deep  with  a  2.5-cm  high  lip. 

3.  Tactical  realism;  the  locations  were  chosen  by 


the  squad  leader  bv  appK  ing  siarnlard  miliiarv  t.icnc' 
with  little  regard  for  sources  ol  snow. 

After  exhausting  the  snow  suppiv  in  the  imniediate 
vicinity  of  each  of  the  tour  fortiticatii'iis,  the  seven-man 
squad  adopted  a  system  using  an  akhio  (sled)  to  haul 
snow  to  the  construction  sites.  One  man  packed  and 
shaped  the  embankment,  and  twi'  men  held  the  canvas 
skirl  of  the  akhio  open  while  three  men  alternatelv 
shoveled  the  snow  (Fig.  5).  The  two  men  who  had  held 
the  skirt  then  dragged  the  loaded  akhio  to  the  site.  In  a 
real  situation,  the  seventh  man  would  have  had  guard 
duty. 

The  first  three  fortifications  were  spaced  about  10  m 
apart  and  straddled  a  road  through  the  platoon  attack 
course.  The  snow  for  the  fortifications  was  hauled  5  m 
to  the  first  two  fortifications  and  1 5-20  m  to  the  third 
fortification.  A  fourth  fortification  was  constructed 
for  tests  with  a  50-calibcr  machine  gun.  The  dimensions 
of  the  four  fortifications  are  given  in  Figure  6.  The  three 
smaller  positions  were  constructed  with  4.1  m^  of  packed 
snow  and  the  larger  fortification  was  constructed  with 
12.2  m^  of  snow  for  the  machine  gun  lest.  Figure  7 
shows  the  production  rates  for  the  four  fortifications 
as  well  as  the  rates  reported  by  Johnson  (1977).  At 
Camp  Ripley,  the  depleted  snow  conditions,  together 
with  the  requirement  for  camouflage  discipline,  resulted 
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f  iyiire  7.  i  olume  handled  i  s.  manhours  required  tor  s/nn\  emhank- 
niencs  and  untro/en  sod  excavations. 


m  produclisilN  about  two-lhirds  loss  than  roportod  In 
lohnsoii. 

As  a  point  of  rcfcronco  to  compare  the  data  on  pro- 
ductivits  tor  the  snon  tests,  the  volume  of  soil  excavated 
and  the  time  required  to  build  expedient  fortifications 
In  unfrozen  sod  were  extracted  from  Field  manual  FM 
5- 1  -s,  Field  F onifications  (HQ,  DA  1972).  Figure  7 
shows  that,  even  under  the  restrictive  conditions  previous- 
Iv  explained,  3-7  times  as  much  packed  snow  can  be 
handled  in  the  same  time  frame. 

Test  plan 

The  plan  specified  two  separate  attacks  on  the  three 
smaller  fortified  positions  using  MI6A1  rifles.  The 
squad  began  the  attack  at  a  range  of  200  m  and  halted 
10  m  from  the  fortifications.  They  paused  onl>  at  the 
midpoint  for  a  controlled  reloading  of  the  weapons. 
Twenty  rounds  of  5.56-mm  (Ml 93)  ammunition  were 
issued  for  each  man's  M16A1  rifle  for  the  first  part  of 
each  attack  which  covered  about  75  m  of  the  approach. 
Thirty  rounds  were  issued  to  each  man  for  the  second 
part.  In  total,  700  rounds  were  expended  in  the  two 
assaults  by  the  seven-man  squad.  The  results  of  both 
assaults  were  registered  on  double-layered  witness 
screens  behind  each  position  (Fig.  8).  These  I-m  high 
X  2-1 /2-m  wide  screens  were  erected  with  a  30-cm 
spacing  between  the  two  layers.  From  measurements 
of  the  point  of  impact  and  the  shape  of  each  hole  in 
both  screens,  estimates  were  made  of  the  direction  of 
flight  and  the  orientation  of  all  bullets  that  struck  the 
screens  (Fig.  9). 


I  or  the  50-calihei  m.ichine  gun  (M2HBi,  the  migin.il 
test  plan  vpecilied  200iound',  which  repieseiiied  a 
realistii  tigute  toi  coveting  tiie  loi  a  single  .iss.iuit.  When 
the  plan  was  changed  and  a  single  Un tit ication  was  con¬ 
structed  to  test  with  this  weapon,  the  allotment  tor  the 
50-ejliber  machine  itun  was  lowered  to  70  tounds,  fhese 
were  tired  Irom  a  hilltop  about  1  5  m  high  and  250  m 
distant  from  the  new  lortitication. 

Test  results 

Of  the  700  5.56-mm  rounds  tired  from  the  \116-\l 
rifles  at  the  three  smaller  positions,  609  ot  the  rounds 
187“  ;  either  slopped  in  the  snow  or  went  wide  of  the 
witness  screens.  Of  the  91  rounds  that  did  hit  the  wit¬ 
ness  screens,  63  cleared  the  positions  altogether.  This 
was  indicated  b\  the  path  ol  the  bullets  thtough  the 
witness  screens  and  stable  flights  indicated  bv  lack  ot 
tumbling.  Only  28  rounds  (4?c  of  the  total)  passed 
through  snow  before  hitting  the  screens.  As  Figure  9 
iltustrates,  these  rounds  were  distinguished  hv  a  kev  • 
hole-shaped  puncture  and  usuallv  a  rising  flight  path 
indicating  deflection  by  the  snow  (broaching).  Iwo 
of  these  rounds  appeared  to  have  hit  the  side  ot  the 
fortification  and  struck  the  screens  near  the  fringe  of 
the  area  that  was  shielded  by  the  snow.  None  ot  the 
bullets  penetrated  the  1 .8-m  thickness  of  the  snow. 

The  test  using  the  50-caliber  machine  gun  (M2HB) 
was  less  conclusive.  Of  the  70  rounds  fired,  only  8 
(11%)  struck  the  1-m  high  x  3-m  wide  witness  screen 
and  a  similar  number  hit  the  position.  No  rounds 
penetrated  the  3-m-thick  embankment. 
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Figure  S.  iMtness  screens  behind  small  sno^  embankment. 


PHASE  II  TEST  PROGRAM 
Purpose 

1  ho  purpose  of  this  studs  was  to  obtain  piclimmars 
data  on  the  broachini;  characteristics  of  bullets  tired  from 
small  arms  weapons.  The  weapons  were  chosen  tor 
their  unique  teaturcs  of  external  ballistic  design.  The 
tests  were  conducted  in  the  field  and  the  intent  was  to 
collect  enough  information  to  define  the  requirements 
tor  a  future  laborators  studs . 

I- or  the  test  a  Communist  bloc  AK47  rifle  and  an 
M16AI  rifle  were  received  on  loan  from  the  10th 
Special  Forces  Group  at  Ft.  Devens,  Massachusetts.  An 
\It4  rifle  was  alread>  on  hand.  These  are  shown  in 
Figure  1 0. 

Snow  embankment  construction 

The  snow  embankments  were  constructed  with  a 
snow  blower.  Production  rates  arc  not  given  because 
the  snow  was  cycled  twice  to  break  up  a  thin  melt  crust. 
Two  snow  embankments  (3/4  m  highx  I -1  ,'2  m  widex 30 
m  long)  were  shaped  with  shovels.  The  mechanical 
processing  and  warm  air  temperature  (0  to  -3°C)  pro¬ 
duced  a  dense  snow  of  0.4  to  0.5  g/cm^  with  an  ex¬ 
ceptionally  high  hardness  of  5-25  kg/ern^.  All  measure¬ 
ments  were  taken  according  to  procedures  outlined  by 
SIPRE  (1954). 

Test  procedures 

The  three  weapons  were  fired  horizontally  at  one 
end  of  the  embankment  of  snow,  as  shown  in  Figure 


I  I .  -Mter  each  seiies,  the  embankment  was  dissected 
ar.d  tiesh  sn<As  was  exposed  tor  the  next  test. 

Wrtical  slots,  3-5  cm  wide,  were  made  with  a  chain¬ 
saw-  at  30-cm  intervals  and  at  right  angles  to  the  bullet 
trajectories.  Paper  sheets  were  inserted  as  witness  screens. 
The  outline  of  the  mound  was  marked  on  each  w  itness 
screen. 

On  the  front  face  of  the  embankment,  both  vertical 
and  45°  cuts  were  made  with  a  handsaw.  For  the  ver¬ 
tical  face  of  snow,  10  rounds  were  fired  in  each  test. 

For  the  45  '  impact  angle,  6  shots  weie  tired  in  a  hori¬ 
zontal  row  at  a  specified  distance  from  the  top  of  the 
embankment  to  maintain  the  30-cm  spacing  between 
the  point  of  impact  and  the  first  vertical  w  itness  screen. 

Tests  with  the  three  weapons  were  also  conducted 
at  a  shallow  impact  angle  on  the  top  of  the  embankment. 
A  gunner’s  quadrant  was  attached  to  each  w-eapon  as 
it  was  being  fired  to  determine  the  angle  of  impact  to 
within  20  mils  (±1 .25°)  of  the  desired  250-mil  (14°) 
angle  of  impact. 

Test  results 

Data  from  the  tests  with  bullets  fired  horizontally 
into  the  snow  are  presented  in  Table  I.  The  test  con¬ 
ditions  were  not  controlled  closely  enough  to  detect 
the  slight  differences  in  maximum  penetration  of  the 
three  types  of  ammunition  fired  from  the  two  30- 
caliber  (7.62-mm)  weapons  (types  M80  and  M59  from 
the  Ml 4  rifle  and  type  M43  from  the  AK47  rifle).  All 
of  these  rounds  penetrated  about  90  cm  at  both  90° 
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f  igure  10.  Test  weapons  for  Phase  II. 


Table  1 .  Results  of  tests  in  dense  snow  using  M16A1,  Ml 4  and  AK47  Rifles  at  90  and  4S°  impact  angles. 
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Table  2.  External  ballistics  of  small  arms. 
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Figure  12.  Deformed  ‘i.Sb-mm  (Type  MI 93)  and  undeformed  7.62  mm 
( Type  M43,  M80  and  M59)  bullets  recoeered  from  Phase  II  tests. 


.mJ  45'  ot  impact  dopiic  some  clillcrcnccs  in 

the  cNlcTiial  hallislici  ol  the  bullets  (  Tablo  2). 

The  M14J  (5,56-nim)  ammunition  tired  in  the  MIbAI 
ritic  was  less  eltective,  with  an  average  penetiation  ol 
appro\imatel\  60  cm.  A^ain  the  inlluence  i>l  the  two 
aiijtles  ot  impact  was  not  detectable.  All  ol  these  5.S6- 
mm  diameter  bullets  were  flattened  as  shown  in  ri)>ure 
1  2.  None  of  the  7.62-mm-diameter  bullets  were  de¬ 
formed. 

Measurements  at  the  very  shallow  impact  angle  ol 
240  mils  ( 14°)  were  made  b\  dissecting  the  trajeclorv 
ot  two  rounds  tor  each  ammunition  type  fired.  The 
results  are  presented  in  Table  3  and  (  igure  13.  These 
tests  showed  onis  small  curvature  of  the  path  of  the 
7.62-mm  bullets  (Mf4  and  AK47)  and  virtually  no 
deflection  of  the  3.56-mm  bullets  {M16AI)  from  the 
impact  traiectorv.  The  7.62-mm-bullets  veered  slightly 
upwards  and  average  penetration  was  reduced  from 
90  to  75  cm.  The  average  penetration  of  the  5.56-mm- 


diameter  (M193)  bullets  was  reduced  from  60  to  ap- 
pro.vimateK  .50cm  with  the  same  characteristic  flat¬ 
tening  of  the  bullet, 

DISCUSSION  OF  RESULTS 

Lewandowski  (1970)  conducted  a  studs  on  the 
subject  of  projectile  broaching  and  tabulated  the  criti¬ 
cal  angles  ot  impact  (the  angle  at  which  50'i  ot  the 
projectiles  broach)  using  several  projeclile  tspes  and 
target  materials.  A  critical  angle  of  7-15'^  was  re¬ 
ported  for  7.62-mm,  M-80  ts  pe  rounds  impacting  on 
water,  11  -  1  3°  on  Cglin  sand,  and  14  -  16°  on  VVsoming 
Bentonite,  a  cla>  soil. 

The  results  of  the  live  fire  tests  (Phase  I)  show  that 
only  a  very  small  percentage  (4”l)  of  the  rounds  im¬ 
pacted  at  an  angle  that  was  shallow  enough  to  cause 
broaching  on  packed  snow.  The  results  of  the  phase 
II  studies  indicated  that  the  broaching  resulted  from 
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Table  3.  Penetration  of  bullets  fired  at  2S0-mil  (14°)  impact  angle 
into  dense  snow  (0.49  g/cm^). 
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Figure  13.  Penetration  and  deflection  of  5. 56  and  1.62-mm  bullets  in  dense  sno^  at  shallow  im¬ 
pact  angle. 


a  \cr\  shallow  angle  ot  impact  of  less  than  250  mils 
(14°).  A  comparison  with  the  broaching  from  sand, 
clav  and  water  described  bs  Lewandowski  (1970) 
showed  that  broaching  in  well  packed  snow  is  similar 
to  broaching  in  other  materials. 

for  the  test  with  the  50-caliber  machine  gun  (M2HB), 
the  small  number  of  rounds  that  struck  the  fortifications 
did  not  provide  conclusive  results. 

Measurements  of  volumes  of  packed  snow  handled 
during  construction  showed  that  productivity  under 
the  limitations  of  shallow  snow  depths  and  camouflage 
discipline  was  two-thirds  less  than  johnson  (1977) 
reported  under  more  favorable  conditions.  A  com¬ 
parison  with  the  production  rates  given  in  Field  Manual 
FM5-I5,  Field  Fortifications  (HQ,  DA  1972),  for 
various  positions  in  unfrozen  soil,  show  that  3  to  7 
times  more  packed  snow  was  handled  in  the  same  time 
frame. 

Both  Russian  (Belokon  1960)  and  Finnish  {Pick¬ 
axe  1975)  sources  concur  that  is  difficult  to  build 
even  simple  positions  entirely  from  snow  when  the 
depth  is  less  than  50  cm.  At  snow  depths  of  less  than 
20  cm,  the  recommendations  are  that  fortifications 
be  built  almost  entirely  from  soil  or  other  available 
materials.  Camouflage  discipline  is  still  necessary. 


however,  even  with  small  accumulations  of  snow.  The 
phase  I  tests  at  Camp  Ripics  in  a  30-cm-deep  snow 
cover  showed  that  this  guidance  is  realistic,  but  for¬ 
tifications  can  be  built  by  hauling  snow  to  the  site. 

Schaefer  (1973)  and  johnson  (1977)  described  ef¬ 
forts  to  build  snow  fortifications  using  Soviet  snow 
block  techniques  illustrated  in  Figures  2,  3  and  4.  The\ 
both  concluded  that  these  techniques  were  not  efficient, 
particularly  for  the  dry,  subarctic  snow  found  in  Alaska. 
But  during  his  study  johnson  did  demonstrate  success¬ 
fully  the  use  of  large  burlap  bags  (50-lb  potato  sacks) 
filled  with  snow  to  build  the  vertical  wall  of  a  snow 
parapet.  FIc  rejected  the  smaller  sand  bags  in  favor  of 
the  largest  bags  that  a  man  can  handle  easily.  Schaefer 
tested  a  pile  of  snow  blocks  with  an  M60  machine  gun. 

He  reported  that  continuous  fire  led  to  collapse  of  some 
blocks  and  left  adjacent  blocks  intact.  He  effectively 
punched  a  hole  through  the  structure.  In  contrast,  simple 
piles  of  packed  snow  collapsed  after  each  impact.  This 
efficiently  sealed  the  hole  and  the  resulting  collapse  of 
the  overall  structure  was  not  catastrophic. 

In  the  Phase  II  tests,  the  relative  insensitivity  of  a 
bullet  to  its  angle  of  impact  was  not  unexpected.  These 
tests  also  confirmed  that  bullets  are  unstable  in  a  medium 
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.I'l  dciiM-  as  snow  and  tfiat  the  angle  of  impact  is  of 
secondais  importance.  It  was  also  observed  that  tum¬ 
bling  bullets  ntas  wander  but  are  not  apt  to  veer  dras- 
licallv  liom  theii  oiiginal  trajectories.  The  design  criteria 
lor  stable  llighl  ol  spin-stabili/ed  projectiles  in  air  also 
indicated  that  the  bullets  would  be  extremelv  unstable 
in  snow. 

1  iguie  14  (atiei  HQ,  WK  Pamphlet  706-107,  1963) 

IS  a  Iree-bodv  diagram  that  Illustrates  some  of  the  forces 
that  act  on  a  bullet.  I  he  eejuation  given  for  drag  is: 

P  1^1)  p  il~u~ 

where:  diag,  lb 

^1)  drag  coelficient 
p  densitv  ot  air,  lb,  ft^ 
d  bullel  diameter,  It 
II  ^  bullet  velocitv  ,  ft/s 

■Note  that  the  drag  is  diiecth  proportional  to  the  den¬ 
sitv  ol  the  ail . 

This  pamphlet  also  states: 

"  I  he  condition  I  Ol  stahiho  ol  ,i  iot.it  inn  pro|cciilc 
isespiessed  h\  the  taetoi: 

I  \  • 
l«t/ 

when’  1  ■  the  asial  moment  ol  ineitia  ol  the  pioiectilc, 
lb  sot-  ft 

8  =  the  moment  of  inertia  about  a  transverse 
a.sis  through  the  tentei  ol  .gravits,  lb  set'  It 
\  lltc  rate  ol  spin  of  the  proiettile,  radians/set 
'f  =  the  overiuining  moment  factor  caused  bv 
air  lorce  R,  and  Is  defined  as  <■/'  (/)+/_  cotM 
(ll-lb).  Note  that  the  overturning  moment  is 
C'f’  [L  covs*/J  sinX)  and  is  equal  loGH{L 
coiAvf))  sin  fi,* 

"The  slabiliiv  fattor  mas  be  used  to  predict  the 
degree  ot  stabilits  which  a  proiectile  will  exhibit  in  flight. 
Proiectiles  has  ing  a  stabilitv  factor  less  than  one  will  be 
vers  unstable,  will  probably  tumble,  will  lose  range, 
and  will  produce  deviations  in  accuracy.  Projectiles 
having  a  stability  factor  greater  than  one  but  less  than 
Z5  will  not  tumble,  will  normally  find  the  nose  leading 
the  center  ol  gravity  of  the  projectile  throughout  the 
trajectory,  and  will  exhibit  a  desirable  impact  attitude 
for  point  detonating  ammunition.  Stability  factors 
greater  than  2.5  indicate  an  overstable  round,  one  which 
will  not  track  properly  since  the  attitude  of  the  projectile 
does  not  deviate  throughout  the  flight  (i.e.,  projectile 
lands  on  its  base),  and  are  found  in  small  arms  and  high 
velocity  anti-tank  ammunition.  In  such  instances,  the 
high  spin  rate  results  in  such  slow  precession  that  the 
trajectory  is  completed  before  the  projectile  can  effectively 
nose  down  on  its  trajectory." 

*See  Figure  14  for  illustration  of  terms. 


Note  that  M  is  Inversely  proportional  to  the  stabilitv 
factor  and  is  itself  directly  proportional  to  the  drag  R 
in  terms  of  D  and  L,  the  orthogonal  components  of  R. 
Knowing  that  the  bullets  under  consideration  have 
stabilitv  factors  in  air  that  are  somewhat,  but  not  sig¬ 
nificantly,  greater  than  2.5  (overstabili/cd),  the  stabilitv 
factor  for  flight  in  snow  changes  in  direct  proportion 
to  the  ratio  of  densities  of  air  to  snow.  The  ratio  is: 

air  density  (sea  level,  1  5°C)  =  0.001  225  g/cm^ 
medium  packed  snow  density  -  0.40  g/cm^ 

ratio 3.06  V  lO'-’ 
snow 

Even  assuming  relatively  high  stability  factors  in 
air,  the  stability  factors  in  snow  will  be  several  orders 
of  magnitude  below  the  minimum  value  ot  one  for 
stability .  In  fact,  snow  is  so  much  denser  than  air  that 
these  semiempirical  equations  for  air  probably  do  not 
apply .  Although  in-depth  analysis  along  this  line  is 
bey  ond  the  scope  of  this  report,  the  reader  is  referred 
to  Cole  and  Farrell’s  report  (1979)  for  a  more  detailed 
analysis  and  to  Roeckcr  ct  al.  (1977)  on  a  study  using 
a  target  of  gelatin  th.it  has  a  density  twice  that  of  packed 
snow.  The  inference  of  these  equations  is  that  anv 
effectively  designed,  spin-stabilized  projectile  will  com¬ 
ply  very  closely  with  the  above  design  parameters.  Bv 
doing  so,  they  will  be  inherently  unstable  in  snc'w. 

CONCLUSIONS  AND  RECOMMENDATIONS 

All  the  referenced  reports  that  deal  with  targets  much 
denser  than  air  have  either  confirmed  or  suggested  in¬ 
stability  or  tumbling  of  ogive-shaped  bullets.  The  yaw 
angle  of  the  bullet  at  the  time  of  impact  has  been  shown 
to  be  the  most  important  factor  determining  how  far  a 
bullet  will  travel  in  a  dense  medium  before  rapid  yaw 
growth  and  tumbling  are  initiated.  Because  tumbling 
negates  the  efficient  geometry  of  a  bullet,  the  predict¬ 
ability  of  the  onset  of  tumbling  is  crucial  in  the  selection 
and  quantity  of  materials  used  in  a  fortification. 

Where  soil  was  used  for  fortification  construction, 
Aitken  (1979b)  reported  that  freezing  of  the  soil  tar¬ 
gets  reduced  total  penetration  for  some  projectiles  by 
as  much  as  a  factor  of  four.  However,  since  most 
fortifications  will  probably  be  built  with  unfrozen 
soil,  either  during  a  warm  season  or  during  a  cold  sea¬ 
son,  by  excavating  below  the  frost  layer,  opportunity 
to  improve  present  construction  techniques  using  soil 
is  minimal.  Aitken  does  make  the  observation  that 
tumbling  of  bullets  in  soil  stopped  at  lower  velocities 
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and  penetration  incrcjsed  over  25°. ;  but  this  is  still 
well  below  the  penetration  in  unfrozen  soil. 

GeneralK,  this  studs  has  shown  that:  (1)  for¬ 
tifications  constructed  from  snow  perform  favorably 
compared  with  those  constructed  from  other  natural 
materials;  and  (2)  fortifications  constructed  of  snow 
can  be  built  even  under  adverse  circumstances.  Esti¬ 
mates  of  manual  construction  rates  e.vtracied  from 
Soviet  manuals  cicarlv  show  that  expedient  construction 
of  fortifications  built  from  snow  is  a  ver>  attractive 
alternative  to  expedient  construction  of  fortifications 
built  from  frozen  soil. 

One  uasic  deficiency  that  exists  in  both  laboratory 
and  field  studies  of  this  type  involves  the  relationship 
between  bullet  flight  in  air  and  its  angle  of  yaw.  Be¬ 
cause  small  arms  bullets  are  overstabilized,  the  yaw 
angle  initially  decreases  because  of  the  gy  roscopic  ef¬ 
fect  of  the  bullets.  Then,  as  gravity  causes  an  arced 
path,  the  angle  of  vaw  increases  with  distance.  This 
vaw  growth  has  been  mathematically  and  experiment¬ 
ally  determined  in  air  ;  but  the  critical  angle  that  in¬ 
duces  tumbling  in  snow  at  lower  bullet  velocites  (i.e., 
long  range)  is  not  known. 

In  the  CRRE  L  laboratory  facilities,  the  bullet  veloc¬ 
ity  can  be  decreased,  but  realistic  yaw  conditions  can¬ 
not  be  simulated  repeatedly  .  Field  tests,  as  noted,  are 
inherently  less  accurate,  requiring  an  extensive  data 
base  to  draw  reliable  conclusions.  Both  the  laboratory 
and  field  approaches  are  recommended  for  future 
studies. 
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